We isolated a free-radical scavenger "water soluble protein (WSP)" from broad beans. Hydrocortisone (HC) is known to inhibit superoxide generation and was used as the reference scavenger. WSP was examined for its effect on antioxidation in young (PDL 20, 25% of the maximum life span) and old (PDL 50, 62.5% of the maximum life span) human fibroblasts (TIG-1). Cells were treated with WSP or HC for 4 and 6wk in young cells, and for 3 and 6 wk in old cells. The cytosolic superoxide dismutase activity in the cells treated with WSP or HC tended to decrease as compared with that in the non-treated cells (control) with the exception of WSP-treated young cells 4 wk after culturing. Young cells were equal in glutathione peroxidase activity to the control, but the activity level in WSP or HC-treated young cells 6 wk after culturing was 10-50% lower than that in the control. Young and old cells treated with WSP or HC were superior to the control in catalase activity with the exception of HC-treated old cells. WSP or HC-treated cells were higher in glu tathione (GSH) concentration than the control with the exception of WSP-treated young cells 4 wk after culturing and HC-treated old cells 6 wk after culturing. Such increases in catalase activity and GSH concentration by WSP treatment may be related to the delay of cellular aging-dependent degeneration.
Harman (1, 2) has proposed that the accumulation of unrepaired oxidative damage may constitute an under lying cause of aging. There are several reports on aging dependent alterations in the antioxidative capacities of human diploid fibroblasts such as superoxide dismu tase (SOD; EC 1.15.1.1) activity (3) (4) (5) , catalase (EC 1.11.1.6) activity (6) and glutathione peroxidase (GSH Px; EC 1.11.1.9) activity (7) or reduced glutathione (GSH) concentration (7) . Cytosol contains Cu, Zn-SOD and GSH-Px with three-quarters as much as the total activity within the cell (8) . SOD removes superoxide in a dismutation reaction that yields hydrogen peroxide and oxygen. Hydrogen peroxide is disposed of by GSH-Px or catalase. These enzymes constitute a defensive barrier of human fibroblast cells against oxidative damage.
Hydrocortisone (HC) has been shown to increase the cell density of fibroblasts at confluence (9) . Fulder (10) also reported that the increase in density resulted from a faster growth rate. In addition, it was shown that HC inhibited superoxide generation (11) .
The addition of antioxidants to culture media has been well examined (12) (13) (14) . However, there is little in formation on the activities of antioxidative enzymes and the concentration of GSH in strains of human diploid cells at stages after the addition of antioxidants.
We isolated a water-soluble protein capable of scav enging free radicals (WSP) from broad beans (Vicia faba) (15) . The WSP exhibited a marked scavenging effect on superoxide as well as hydrogen peroxide. In addition, the WSP increased cellular growth to the same extent as HC (16) . Therefore, we examined whether or not supplementation of human diploid fibroblasts with WSP can influence the antioxidative enzyme activities and the concentration of GSH. In the present study, we report the effect of WSP on cellular age, culture period dependent oxidative stress and antioxidative enzyme ac tivities in human diploid fibroblasts.
MATERIALS AND METHODS
Chemicals. Cytochrome c, xanthine oxidase, N-2-hy droxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES), and hydrogen peroxide were obtained from Sigma Chemical Co. (St. Louis, MO, U. S. A.). TIG-1-20 cells (JCRB0501) and TIG-1-50 cells (JCRB0504) were obtained from the Tokyo Metropolitan Institute of Gerontology (Tokyo, Japan). Fetal bovine serum (PBS) was purchased from Flow Laboratories (North Ryde, N.S.W., Australia), and trypsin from Difco Laboratories (Detroit, MI, U. S. A.). All other chemicals were pur chased from Wako Pure Chemical Industries Ltd. tune time. The SOD activity level of 6-wk young cells (PDL 44) decreased by about 40% as compared with that of 4-wk cells (PDL 37) ( Fig. 1-a) . On the other hand, the SOD activity level in old cells remained con stant throughout the culture period (from PDL 62 to 71) ( Fig. 1-b) . Although the SOD activity of young cells decreased with increasing culture periods (from PDL 37 (Fig. 2-a) . Similarly, the level of old cells doubled in 6-wk cultures (PDL 71) relative to 3-wk cultures (PDL 62), as shown in Fig. 2-b . The GSH-Px activity was 28.4 units/mg protein in young cells cultured for 4wk (PDL 37), while it was 36,0 units/mg protein in old cells cultured for 3wk (PDL 62). The GSH-Px activity seemed to increase slightly with advanced aging, but the activity level of old cells (PDL 71) was rather lower than that of young cells (PDL 44) in the same 6-wk cul tures. Figure 3 -a and b shows variation in the catalase ac tivity levels of young and old cells as a function of cul ture time. Both young and old cells cultured for 6 wk were at activity levels half that of the cells cultured for 4 or 3wk, although the level of old cells was somewhat higher as compared with that of the young cells. Figure 4 -a and b shows variation in GSH concentra tions in young and old cells as a function of culture time. As for the GSH concentration in young cells, it was approximately 30% lower in the cells cultured for 6 wk (PDL 44) as compared with that cultured for 4wk (PDL 37) (Fig. 4-a) . The old cells cultured for 6wk (PDL 71) showed a 15% lower GSH level than those cultured for 3wk (PDL 62) (Fig. 4-b) . Antioxidative capacity of WSP or HC-treated cells WSP or HC treatment affected the cytosolic SOD ac tivities of young and old cells ( Fig. 1-a, b) . The SOD ac tivity after 6-wk culturing decreased by 40% in WSP treated young cells as compared with the control, but its activity after 4-wk culturing tended to increase. On the other hand, the SOD activity of HC-treated young cells after 4-wk culturing decreased by 70% as com pared with that of the control, while the activity of HC treated cells after 6-wk culturing was virtually equal to that of the control. The SOD activity of old cells treated with WSP or HC after 3-wk culturing decreased by 40 -50% as compared with that of the control, but changes in the activity were not significant for WSP or HC -treated cells after 6-wk culturing as compared to those of the control. The cytosolic GSH-Px activity of young cells treated with WSP or HC after 6-wk culturing decreased by 10-50% as compared with that of the controls (Fig. 2  a) , but the activity levels of young cells treated with WSP or HC after 4-wk culturing were essentially identi cal to those of the controls. The levels of GSH-Px activ ity in WSP or HC-treated old cells were similar to those of the controls (Fig. 2-b) .
The catalase activity of young cells (Fig. 3-a) treated with WSP or HC increased by 60-600% as compared with that of the controls. Similarly, the activity of old cells (Fig. 3-b ) treated with WSP increased by 30-45% as compared with that of the controls, but there was no significant effect of HC on the activity in old cells.
The GSH concentration in young cells treated with WSP or HC increased as compared with that in the con trol with the exception of WSP-treated cells after 4-wk culturing, which was virtually equal to the level of the control (Fig. 4-a) . Similarly, increases in the concentra tion were found in old cells treated with WSP or HC as compared to control samples, but the concentration of HC-treated cells after 6-wk culturing was not signifi cantly different from the control value (Fig. 4-b) .
DISCUSSION
It has been reported that, during the in vitro aging of WI-3 8 human diploid fibroblasts, Cu, Zn-SOD activity Fig. 4-a remains unchanged (3). Yuan et al. reported that the activity in TIG-3 human diploid cells was in a state of no change (5). Our results are similar to these findings. As shown in Fig. 1-a and b , the SOD activity of the TIG 1 cells appeared to be constant during in vitro aging from PDL 44 to 71, although the activity in young cells decreased with the prolonged culture period. Such a de crease in the SOD activity accompanying the culture period of young cells may be explained in terms of in creased cell proliferation and fixed Cu, Zn-SOD activity, as described by Kong and Fanburg (23) . On the other hand, it has been reported that, during in vitro aging of WI-38 cells, the catalase activity tends to decrease slightly (6) but the GSH-Px activity increases (5) . As shown in Fig. 2-a and b , the GSH-Px activity level in old cells (PDL 71) decreased as compared with that in young cells (PDL 44), while the levels in both young and old cells increased with the prolonged culture pe riod. Additionally, the catalase activity of old cells (PDL 71) increased as compared with that of young cells (PDL 44), while those of both young and old cells de creased with increasing culture periods (in vitro aging) as shown in Fig. 3-a and b . Therefore, our results are alike regarding the GSH-Px and catalase activities dis cussed in previous reports (5, 6) . Namely, GSH-Px activ ity increased with increasing culture periods (from PDL 37 to 44 for young cells and from PDL 62 to 71 for old cells), and catalase activity decreased with increasing culture periods (from PDL 37 to 44 and from PDL 62 to 71, respectively). Slight variations between our results and previous reports may be due either to differences in storage conditions prior to culturing or to different cell strains. As shown in Fig. 4 -a and b, the GSH concentra tions in young and old cells decreased with increasing culture periods (in vitro aging). Yuan et al. (5) indicated that human diploid cells were more susceptible to ox idative stress at late stages than at early stages, presum ably because of the decreases in cellular-GSH concen tration and catalase activity. Further, they suggested that GSH might serve as a primary defense against ox idative stress (5). The mechanism of intra-cellular pro tection against oxidative damage may be low in old cells, in which the damage was greater than in young cells. Conversely, the cellular capacity of protection against oxidative damage may decrease with the pro longed culture period (in vitro aging). Our observation for control cells supports this inference. We examined the effects of WSP and HC on the TIG-1 cells of different culture ages. The SOD activity in WSP treated young cells cultured for 4wk tended to increase as compared with that in the control ( Fig. 1-a) . The WSP-treated old cells of 6-wk cultures were virtually equal in SOD activity to the control (Fig. 1-b) , implying that WSP treatment might have failed to influence the old cells of PDL 71 (89% of the maximum life span). On the other hand, treatment with WSP or HC caused 10-70% decreases in SOD activity, except for the WSP treatments for 4wk in young cells and for 6wk in old cells, and HC treatments for 6wk in young cells and 6wk in old cells. It can be assumed from these changes in SOD activity that WSP or HC treatment brings about a reduction in oxidative stress since the generation of superoxide radicals in cultured cells is inhibited by WSP (15)or HC (11) .
The GSH-Px activity in old cells treated with WSP or HC for 6wk was equal to that in the control (Fig. 2-b) , whereas the degree of change in young cells after 6wk was 10-50% as much in WSP or HC-treated cells as in control cells (Fig. 2-a) . The reason why such a differ ence occurs between young and old cells is feasibly ex plained on the assumption that the GSH-Px activity in the old cells (PDL 71) may be enough to detoxify free radicals. In other words, it may be that the GSH-Px ac tivities in old cells without and with WSP or HC treat ment are similar to each other or that the stimulatory response of the cells to WSP or HC may have been weakened with age. On the other hand, the GSH-Px ac tivity in young cells was lessened by treatment for 6wk with WSP or HC. It is conceivable that hydrogen perox ide may have been scavenged by WSP or HC treatment.
Catalase is an important enzyme involved in cell de fense against oxygen-mediated cytotoxicity. Catalase ac tivity was increased by WSP or HC treatment except when old cells were treated with HC ( Fig. 3-a and b) . The elevation of catalase activity in TIG-1 cells treated with WSP may be attributed to activation of this en zyme in the old cells. The protective mechanisms against oxidative damage may not be sufficiently func tional to obstruct damage in the old cells, as is possible in young cells. Above all, the catalase activity level is known to decrease with in vitro aging. The decreased antioxidative capability of old cells acts as a trigger for aging and cancer. Therefore, the activation of catalase by WSP treatment of old cells may lessen such risk fac tors.
GSH scavenges free radicals directly, or it is involved in the radical scavenging pathway as a substrate for GSH-Px. WSP elevated the level of GSH in the TIG-1 cells except when treating young cells for 4wk (Fig. 4-a  and b) . It thus seems conceivable that WSP treatment may exert some influence on intracellular radical den sity with the intervention of GSH.
WSP treatment may positively affect the suppression of fibroblast senescence. This finding invites speculation that WSP can improve cellular protection against ox idative damage.
